gip mutants exhibited a distinct morphological alteration during vegetative growth on sucrose slants and colonial growth on sorbose-containing semicomplete medium. The glp-2 locus was assigned a location between arg-5 and nuc-2 on chromosome IIR on the basis of two-factor crosses and by duplication coverage by insertional translocation ALS176, but not NM177. All mutations were allelic as judged from the absence of both complementation in forced heterokaryons and genetic recombination among glp-2 mutations. The reversion frequency of all three mutations was less than 1010, indicating probable deletions in these strains.
No G3P dehydrogenase activity could be detected in either cytosolic or mitochondrial extracts from mutant strains grown on glycerol, glucose, or galactose media. These results suggest that the glp-2 locus may be the structural gene for both the cytosolic and mitochondrial forms of G3P dehydrogenase or for a cytosolic precursor of the mitochondrial G3P dehydrogenase. The defect is specific for the G3P dehydrogenase since normal activities of the mitochondrial cytochrome oxidase and succinate dehydrogenase and the cytosolic glycerol dehydrogenase and dihydroxyacetone phosphate reductase are detected in mutant extracts. During attempted growth ofglp-2 mutants on glycerol media, there was an accumulation of G3P in culture filtrates, a reduction in the mycelial growth rate, and a decreased level of glycerokinase induction. No. 3 '.S.A.
The utilization of glycerol by Neurospora crassa requires at least two inducible enzymes, a cytosolic glycerokinase (ATP:glycerol phosphotransferase, EC 2.7.1.30) and a mitochondrial glycerol-3-phosphate (G3P) dehydrogenase (sn-G3P:(acceptor) oxidoreductase, EC 1.1.99.5) (3). The G3P dehydrogenase is located on the mitochondrial inner membrane and apparently requires one or more translational products of the mitochondrial genome since the rate of increase of this enzyme during glycerol induction is inhibited by chloramphenicol (4), a known inhibitor of mitochondrial-specific protein synthesis (13, 18, 27) . These features of the G3P dehydrogenase are similar to those described for the cytochrome oxidase and ATPase of the mitochondrial inner membrane which have been shown to be heteropolymers consisting of polypeptide components synthesized on either cytosolic or mitochondrial ribosomes (1, 10, 11, 14, 18, (29) (30) (31) . However, in contrast to these essential mitochondrial enzyme systems, G3P dehydrogenase does not appear necessary for growth in acetate medium (3, 5) , and therefore mutants might be obtained which affect the structure and regulation of this inducible enzyme.
Glycerol-nonutilizing fungal mutants have been previously isolated, but these reports have been limited to a description of a selective procedure and genetic mapping of mutations affecting glycerokinase in N. crassa (20, 31) , polyol utilization in strains derived from N. tetrasperma (31) , and the isolation of glycerol nonutilizing mutants in Saccharomyces cerevisiae affecting either the glycerokinase or the G3P dehydrogenase (28) , although the induced synthesis of this latter enzyme presented several differences from that of the homologous Neurospora enzyme. Glycerol-nonutilizing mutants have been previously isolated from mutagenized 960 VOL. 136, 1978 N. crassa (20) growth properties of glycerol-nonutilizing mutants have not been completely described, the mycelial yield and hyphal growth rates of wildtype and glp mutant strains were measured on various carbon sources known to be utilized by Neurospora. As seen in Table 2 , the mutants isolated in this study, as well as the previously isolated glp-1, totally failed to grow on minimal glycerol medium. The defect was specific for glycerol since cell yields comparable to wild type were obtained on acetate and glucose media. The mycelial yield and the growth rate on mannitol of mutants 14-44 and 17-53, but not L26, were significantly lower than that of wild-type cells (Table 2) , suggesting a similarity to the polyol-defective strains. However, mutant strains 14-44, 17-53, and L26, as well as all other glp-2 glp-3+ derivatives, are female fertile in genetic crosses, thereby indicating that they are not identical to the previously described polyolprotoperithecial defective derivatives of N. tetrasperma (31) .
The lower rate of growth and mycelial yields of the glycerol-nonutilizing mutants on various carbon sources may be related to the morphological alteration which was present in the mutant strains and which differed markedly from that of wild type in that the surface of minimal sucrose slants was virtually devoid of conidia. This difference between mutant and wild type was especially pronounced on plates containing SGS medium on which wild-type cells formed compact rounded colonies in contrast to the flat spreading colonies of mutants (Fig. 1A and B (Table 3) . Finally, the recombinants obtained from a cross of glp-2 to the aro-3 marker gave a genetic map distance about 3.3 cM and indicated that the glycerolnonutilizing locus was located between arg-5 and aro-3 ( Table 3 ).
The location of the glp-2 locus was also established by constructing partial diploids which contained duplications of chromosomal regions of IIR and determining the Glp phenotype among the progeny. In the first set of experiments, strain 17-53 was crossed to strain 2415, which possessed an insertional translocation of IIR. Approximately two-thirds of the surviving progeny were Glp+ (Table 4) , a result which is consistent with the number predicted for cases in which the duplicated fragment contains a functional wild-type gene and in which the mutational deficiency is recessive to the wild-type allele (24 cross of strains 17-53 and 14-44 to strain 2537, which contains an aro-1 mutation, yielded less than 11% Glp+ progeny among the Aro-1 prototrophs (Table 4) . Since all prototrophs would be Glp+ ifthe glp-2 locus were located in this region, this result indicates that the glp-2 locus is not contained in the segment delimited by insertional translocation NM177. These genetic data place the glp-2 locus to the right of arg-5 and to the left of nuc-2 on chromosome II.
The allelism of mutant loci in the two mutant strains was proved by two additional tests. First, strain 17-53 was crossed to 33-14, and 200 viable spore progeny were collected and grown on sucrose slants. When tested on minimal glycerol medium, none of these proved to be Glp+. Subsequently, direct plating of more than 5,000 ascospores on minximal glycerol sorbose medium also yielded no Glp+ recombinants. Similarly, crosses of 17-53 to L26 produced no Glp+ progeny among more than 2,000 spores tested.
As a second test of the possible allelism of these mutants, heterokaryons of the composition [glp-2(D17); pan-2 + glp-2(D14); inl'] and [glp-2(D17); pan-2 + glp-2(L26); inlP] were formed on minimal sucrose medium at 350C and then tested at both 25 and 350C for growth on minimal glycerol medium. Since no Glp+ heterokaryotic conidia were obtained by this procedure, and since no Glp+ recombinants were earlier detected, it seems likely that the glp-2-mutations in strains 33-14, 33-17, and L26 are allelic.
Glycerokinase activities in glp-2 mutants. Although several glycerol-and/or glycerate-catabolizing enzymes have been described in Neurospora (31) , the fact that only the glycerokinase and G3P dehydrogenase are specifically induced by growth on glycerol would suggest that these two enzymes are primarily involved in the initial catabolism of glycerol. In earlier studies, glycerol-nonutilizing (12) and polyolnonutilizing (31) Neurospora mutants were shown to be deficient in glycerokinase, thereby demonstrating that a loss in the ability to phosphorylate glycerol could not be circumvented by the metabolism of glycerol through alternate pathways.
To determine if either glycerokinase or G3P dehydrogenase was deficient in these newly isolated glycerol-nonutflizing mutants, wild-type and mutant strains were grown under both inducing (glycerol + acetate) and noninducing conditions, and the glycerokinase activities were compared. Glycerokinase activities were clearly detected in the cytosolic fraction ofglp-2 mutant extracts but with specific activities substantially lower than those of fully induced wild type ( Table 5 ). This reduction is apparently due to fewer J. BACTrERIOL.
VOL. 136, 1978 glycerokinase molecules synthesized during the glycerol-mediated growth inhibition (see below) since the glycerokinase cross-reacting material levels per unit of enzyme are essentially the same as those of wild type and since normal levels are detected when cells are induced for glycerokinase by incubation at a low temperature (9, 21) . Furthermore, since we have found in separate studies (manuscript in preparation) that the glycerokinase in glp-2 mutants is fully induced by deoxyribose and has identical electrophoretic mobility and thermal stability to that ofwild-type glycerokinase, we conclude that the glp-2 locus does not represent a structural or regulatory gene for this enzyme, an interpretation consistent with the proposed assignment of the glycerokinase structural gene to the glp-4 locus (31).
G3P deficiency in glp-2 mutants. A deficiency in G3P dehydrogenase activity was clearly noted in both cytosolic and mitochondrial extracts of strains 33-14, 33-17, and L26 as well as their derivatives (Table 6 ). This loss in activity was apparently complete as noted by the absence of detectable activity under all assay conditions employed to date. Mixtures ofmutant and wild-type mitochondria showed complete additivity of G3P dehydrogenase activity, indicating that the loss of activity in mutants is not due to some freely diffusible inhibitor of the enzyme. This deficiency is specific for G3P dehydrogenase since mitochondrial extracts from mutant cells can also be shown to possess normal activities for succinate dehydrogenase and cytochrome oxidase (data not shown). Moreover, there was no detectable G3P dehydrogenase activity in cytosolic fractions (Table 7 ) from mutants as might be expected if the cytosolic G3P dehydrogenase activity represented a precursor or isoenzymic form of the mitochondrial G3P (3, 5) .
c Extracts from strains 33, 33-14, 33-17, grown on minimal glycerol medium for 16 to 18 h, were adjusted to give 0.6 U of glycerol kinase in 0.08 ml. Varying amounts of antiglycerol kinase antisera were added and incubated for 15 min at room temperature. Control experiments indicated that there was no inhibition of glycerol kinase by preimmune sera.
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dehydrogenase as previously suggested (4, 6, 7) . This absence of G3P dehydrogenase activity was noted not only in extracts from glycerolinduced cells, but also in glucose-grown cells, where basal levels of this enzyme were readily detected in wild type. Since North has shown that several other carbohydrates can serve as effective inducers for the glycerokinase (21) , we have tested the effect of growth on these sugars on the specific activity of the G3P dehydrogenase. Galactose, a highly efficient inducer for the glycerokinase, increased the basal levels in wild type approximately twofold (Table 6 ), whereas deoxyribose, the most efficient inducer for the glycerokinase (21), had no effect on the basal Table 1 ) were grown on the indicated carbon sources, and the specific activity was determined in the mitochondrial fraction as described in the text.
b ND, Not determined. Finally, it should be noted that separately the specific activities of the cytosolic enzymes, glycerol dehydrogenase (NADP dependent) and DHAP reductase, have been measured in these mutants and found to be comparable to those in wild-type strains ( Table 7 ). The unique kinetic features for the NAD-dependent G3P dehydrogenase (see above) may be the reason for the inability of the G3P dehydrogenase-deficient mutants to grow on glycerol despite the formation of G3P. Thus, there is no reason at this time to suspect that the lesion in these strains directly affects any enzyme other than the mitochondrial G3P dehydrogenase.
G3P accumulation in culture medium. Tests were also performed with these mutants to determine if there was any accumulation of G3P during attempted growth on glycerol medium similar to accumulations in glpD E. coli mutants (8) . For this purpose, cells were first grown in sucrose media and collected on sterile filter paper, and the resulting mycelial pad was suspended in mineral salts containing glycerol or sucrose as a sole carbon source. After the incubation in glycerol, there was a readily detected accumulation of G3P in filtrates of only the mutant cultures (Table 8 ). This accumulation clearly indicated not only that there is sufficient glycerokinase present to synthesize G3P, but also that there is no significant pathway available for an alternative catabolism of G3P. Moreover, this accumulation during attempted growth on glycerol indicated that the activity of the glycerokinase is not inhibited by G3P or related products, a finding which is consistent with the previously reported (3) insensitivity of the Neurospora glycerokinase to fructose 1,6-bisphosphate and in contrast to the inhibition of the E. coli glycerokinase by this glycolytic intermediate (34 possible regulatory gene(s) for the G3P dehydrogenase. However, the existing features of known glp mutants indicates that mutations affecting either the glycerokinase or G3P dehydrogenase are sufficient to prevent the utilization of glycerol by this organism. Consequently, it would appear that the dissimilation of glycerol requires phosphorylation of glycerol followed by the mitochondrial oxidation of the cytosolically formed G3P; the resulting dihydroxyacetone phosphate can enter the glycolytic pathway via the action of triose phosphate isomerase and aldolase. Furthermore, the accumulation of G3P in glp-2 mutants would suggest that the dihydroxyacetone phosphate reductase is incapable of catalyzing the reverse reaction to form DHAP from G3P. The role of the glycerol dehydrogenase in glycerol utilization is less clear, since mutations at the glp-3 locus which reduce the activity of this enzyme (Table 7) allow for growth on glycerol (5) but result in an inability of mutant strains to serve as protoperithecial parents in genetic crosses.
